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Pennsylvania Local Technical Assistance Program (LTAP)

Pennsylvania Department of Transportation
Bureau of Planning and Research

400 North Street, 6th Floor

Harrisburg, PA7120

Phone: 1-800-FORLTAP Email: ltap@state.pa.us
717-787-5243 Web Site:  www.ltap.state.pa.us
FAX: 7177839152

The Pennsylvania Local Technicab&sance Program (LTAP) shares transportation
knowledge, improves road maintenance and safety skills, and puts research and new
technology into practice at the local level through:

Training:Workshops are scheduled throughout the state and candogiested as a road show.

Technical Assistanc&TAP technical experts are available by phone, by email, and in person to
help townships troubleshoot specific issues on their roadways.

Newsletter: LTAP distributes a quarterly newslettdtpving Forward, which features the
latest news and new practices and technologies.

Technical Information SheetSech sheets provide useful, technical information on such topics
as effective stop sign placement, how to use the MUTCD, paving roads, and other safety and
maintenance issues related to local roads.

Website:] ¢!t Q4 6S0aAGST g66df G LIPAGT G Stotdteddzas A a
information on workshops, news items, LTAP Advisory Gdsemmembers, tech sheets,
newsletters, and other resources.

All LTAP services are offered at NO Cost to Municipalities!!!

Roads Scholar PrograniProfessional Certification Program

1 Must complete approved workshops within a thrgear period.
V 10-for Roads Scholar |
V  8-for Roads Scholar Il
1 Pass (70%) an-tiass quiz taken at the end of each workshop which consists of 12
guestions
1 Successful completion of a certified CPR training also earns you one workshop credit.
You MUST include your name/contact information on the answer sheet for credit.
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PROGRANDBJECTIVEBJTLINE

To provide an understanding tfe:
9 storm runoff processes,
1 current regulationsand
1 the operation and maintenance of stormwater Best Management Practices

Workshop Outline
I.  The Rainfall/Runoff Process
II.  Impacts from Huma#ctivities

lll. IssuesRelated to Carbonate Geologhhis section is taught when the condition exists in the area.)
IV. Regulatory Summary

V. Overview of NPDES MS4 Stormwatermfits
VI. {G2NX¥gFGSNI . at Qay hLISNI GA2Y 9 alAyiSylyoS
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Acronyms

BMP

IDDE

LID

MCM

MS4

Best Management Practs Pennsylvani@est Management Practices Guide

lllicit Discharge Detection and Elimination: One of the Minimum Control Measures in
the MS4 permit requiring the detection and disconnection of 1stormwater
discharges from the MS4.

Low ImpacDevelopment Techniquesusedto restore the landscapes ability to detain,
store, evaporate, infiltrate, and cleanse runoff.

Minimum Control MeasureThe six elements of the MS4 stormwater management
program which when implemented should result igrsficant reduction in pollutants
discharged into receiving waters.

Municipal Separate Storm sewer Systems: A system owned or operated by a public
agency. A municipality, a municipal utility district, flood control district, or other special
district, a county, a state or federal agency

NPDESNational Pollutant Discharge Elimination System

NOI

NOT

PCMs

PCSM

PRPs

SCM

TMDL

TSS

Notice of Intentc permit application

Notice of Terminatiorg, A NOT is filed to terminata NPDES construction discharge
permit.

PollutantControl MeasuresActivities to identify and control pollutant loading to
impaired water.

Post Construction Stormwater Magement: Aplan specifying the BMPs to be used to
control stormwater runoff impacts from a development project.

Pollutant Reduction Plan§lanning documents that guide the selection and
implementation of BMPs to reduce pollutant loading to surface waters

Stormwater Control Measure: A PennDOT acronym equivalent to Best Management
Practice.

Total MaximunDaily LoadThe amount of pollutant a stream can assimilate and still
meet water quality standards

Total Suspended Solidlids in water that can be trapped by a filter.
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WLA Waste Load AllocationThe portion ofthe NS OS A @Ay 3 4 lpacif/shlds € 2 RA Y :
allocated to one of its existing or future

PART |

THE RAINFALL / RUNOFF PROCESS

Hydrologic Cycle

(Precipitation)

YRRy
Cpty Ty iy fy

PennDOT LTAP Course: Stormwater Page 5 of 45



Physical Process

Rainfall Runoff IPocess

Infiltration Excess

1 Infiltration excess occurs when the saiiéiltration capacity is less than the rate of rainfall
and the excess water runs off.
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Thru-Flow

1 Aresult of the complex interaction of gravitational water moving through and local soil and
geologic characteristics.
1 As water enters the soil, it initialljpoves vertically under the influence of gravity. However,
changes in subsurface conditions often cause the water to move laterally, fofjdten
path of least resistancé&haracteristics that can cause water to move laterally include:
i Change in soil texre
T Change in permeability
I Existence of some confining layer
T Moves along rock layers and fractures
T Moves toareas of greatest permeability

1 Inlow areas near streams and at the base of hillslopes (slope breaksjlawroften
returns to the surface inhte form of springs or saturation areas. Tikiseferred to as return
flow. When these areaare saturated, the saturation excess processescur resulting in
significant runoff.

1 Depending on soil characteristics and subsurface geology, these areascac@ir almost
anywhere in the watershed. This condition is often observed on mountain slopes where
sloping bedrock and soil profiles cause tiaw to intersect with the ground surface.

PhysicalProcess Soil Porosity

Soil Porosity: P = Volunweids / Total Volume
Example: P=(5/12) =42%
Typical values: P = 35% to 45%

Why is this important?
Naturd top soils act like a sponge. Approximately 90 peragnhore of the annual rainfall in
Pennsylvaniabccurs in events of an inch or less. Farst rainfall events the soil absorbs most if
not all of the rain that S
falls onNATURAL LANL
SURFACESne foot of
topsoil can store
approximatelyfive
inches of water

5 inches

12 inches

7 inches
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Physical Proces&nnual Water Balance

On AveragéThese are annuaumbers)

1 37 inches of rain (82 percent) infiltrates into the ground

1 Of the 37 inches, 22 inches d® percent is used by plants or evaporated back into
atmosphere

9 Of 37 inches only 15 inches &8 percent goes to groungvater recharge.
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Rainfall 45”7 (100%)
Runoff — 8”7 asw

Losses 377 @

Evapotrans. 227 us)

Deep Perc. »
157 ¢3%
(Recharge) o
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PhysicalProces Rainfall Runoff Data
(Natural Condition for 33 years)

ARS Research WatershetlVatkinsville, GA

LEGEND
—— T s sy

N T v N

WATKINSVILLE, GEORGIA
WATERSHED W-1

SOUTHERN PIEDMONT SOIL
CONSERVATION FIELO STATION

+
i+ + #}ﬂ’

o
o O,
- t t
=L
+

= 3
e 25 .
5 ]
515— & +
i + ++
z ! +
- +++++ #—_}*
'®
(a]

o
P
N
w
E=N
(4,
()]

Daily Precipitation (in)

ARS Research watershed located in Watkinsville, Georgia; Southern Piettsgenphysical
featuresare similar to thePiedmont regions inéhnsylvaniaData has been collected daily for
33 yeardo measure the daily rainfall and runoff for a 19.2 acre watershed. Mperitant thing
to take from the datas the variability in runoff with rainfall.

PennDOT LTAP Course: Stormwater Page 9 of 45



Note that 5 inches of rairtanproducea range fromalmost no runoff to 2.5 inches of runoff.

What would caise this kind of variability!

Physical Process

Average Annual Rainfall Data for PA (192010)

Avg. % Volume of Events Less Than Value
Location Annual

LET 0.5 1.0 1.2 ) 2.0 2.25

in in in in in in
Allentown 37 22 % | 49% | 59% | 70 % | 82 % | 86 %
Erie 44 16 9% | 39% |48 % | 59 % | 73 % | 77 %

Philadelphia 41 16 % | 39 % |49 % | 60% | 72 % | 77 %

Pittsburgh 37 22 % | 49 % | 59 % | 70 % | 82 % | 86%
State 38 20% | 47 % | 56 % | 67 % | 80 % | 84%
College

Approximately 82 percent of the rain volume ocsur events up to 2.25 inches.
Losses = 82% of annual raih{&@/apotranspiration = 49%ndRecharge = 336

Therefore, to maintain our runoff to rainfall volume ratio, we need to manthgalifference in
runoff volume pre to post for events up to approximat@l25 inches

Current regulations dictate thahunicipalitiesmanage differencg in 2year design everg
which range from 2.5 to 3.3 inches across the state.

Page 10 of 45 PennDOT LTAP Course: Stormwater



PART I

IMPACTS FRONAND DEVELOPMENT ACTIVITIE

Stormwater Management:
Controlling surface runoff from land developmeractivities

Surface runoff comes from rainfall events and snawmelt events.

What are some of the impacts land development activities have on surface runoff?

N

KFd FNB a2yYS 2F (GKS AYLI OdGa (2 adaNFIF OS Nizy2 7
Increased Peak RuridRates (flooding)
Increased Runoffalume
Reduced Groundwater Recharge
Reduced Soil Moisturea@age
Increased Pollutants inuRoff
Stream Flooding
Stream hstability Scour and Bsion)

= =4 4 -4 -4 -8 -2
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Increased Peak Rat&,olume, and Frequency of Rundfius Water
Quality Impacts

WA-I,ER BA L A N C E Modified From: Controlling Urban runoff, Schusler, 1987

PRE-DEYELOPMENT POST-DEYELOPMENT

Note thatcitizens2 T 1 Sy O2YLX Ay 2F AYONBIASR GFft22RAy 3¢
construction of developments with detention basimstheir neighborhood What they are
seeing is ofta the increase in frequency of runoff.
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The Runoff Frequency Issue

(ARS Research Watershe@vatkinsville, GA)

Watershed Chal

Land Cover
The Area

Avg. Slope

Slope Range

Length A

Max Width ¢ &+ & I 4 & B

HSG Daily Precipitation (in)

Daily Runoff (in)

33 years of precipitation/runorr
data Runoff

Fennessey. et. al. (2001a) F req u e nCy

Issue

Pre-Development Rainfall; Runoff Cata

Post-Development Scenario: Commerci@dD% Impervious

Watershed Characteristics:

Land Use Commercial

Area 19.2 ac
Avg. Slope 3.5%
1 Pond

No Infiltration BMPs
Impervious Area directly connected
to the SWM Pond

33 years of precipitation/runoff
data

Toevaluate the impact of development activities, the Watkinsville
ARS data was used to evaluate a development scenaribeoresearch watershed site.
1 Assumed development conditions are as outlined ongdhaphic.
f Continuous simulation model used @I f dzI RS FEUIRAWNSYy Gé¢ NBaALRyasS
rainfall data.
1 Rainfall runoff response (after routing through detention basin) is asmetted below.
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Developed Conditiorg 33 years of Precip. Data

Note how well the data behaves

Almost allevents result in some surface runoff.
There is early a linear relationship between
rainfall and runoff.

3;“4#

Reference: Fennessey, L.A., J.M. Hamlett, G. 12 3 4 5 6
Aron, and D. LaSota, 2004./ K y3Sa ) Daily Precipitation (in)

Watershed Runoff Due to Stormwater
al Yyl 3SYSy i t 2yXRurnal®fHgdrologicAEAgihderng. 6(4): 307

Daily Runoff (in)
O=NwWwphbOIO®

o

The Runoff Frequency Issue

Frequency Change Summary

Natural Condition:

1 In 33 years =12,053 days
1 3,384 days precipitation

1 994 days of runoff

Simulated Developed Condition:
1 2,712 days of runoff occurred.
1 Runoff frequency increased by 2fiercent.

Increased Peak Rate, Volumand Frequency

A Change in Stream Physical Characterisivessith, depth, slope, meander patternjesults in:
f Erosion and Sedimentation — '
§ Stream Instability ‘5.4&\ i

i

1 Degradation of kbitat

The Impact of Bvelopment

1 Increased runoff peaks
9 Increased runoff volume
1 Increased runoff frequency
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As this impact occurs across multiple sites in a watershed, it results in a significant change in
hydrologic regime within thevatershed which results in stream instability, erosion and
sedimentation, and degradation of habitat

Water Quality Impacts

1 Floatables
91 Fertilizers
1 Temperature
1 Erosion and Siltation
1 Oiland Grease
To mitigate impacts caused by land
The ®al of development activities by controlling runoff
Stormwater usingstormwater management practices that
simulate natural runoff processes.
Management

To manage runoff fom development activities to control
1 Peak rates of runoff

1 Volume of runoff

1 Frequency of runoff

1 And Quality of runoff.
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PART Il
STORMWATER ISSUES IN

AREAS OF CARBONATE GEOLOGY
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